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ICCAS 2020 A Model of Monitoring Complex A …
A Model of Monitoring Complex Automated Systems
and an Associated Training Approach
Content
Problem.
Analysis of recent accidents and incidents have pointed to monitoring failure as a contributing
factor. Challenges in monitoring are likely to increase as the complexity of automated systems in-
creases, for airplanes, for UAVs, and other supervisory tasks. Improving monitoring skills though
training is one component of reducing monitoring failure and this prompted our research on mon-
itoring and monitoring training.
Method.
In this research we develop a cognitive characterization of monitoring drawing on detailed discus-
sion with pilots and on research literature. We review research on monitoring and particularly
on training monitoring. Based on our characterization of monitoring, we recommend promising
approaches to what should be trained and how to train this.
Characterization.
Monitoring has traditionally been approached as sequential fixation of a small number of indicators
(e.g., “six pack”), in a scan pattern. Failure of monitoring is often attributed to lack of adherence
to a specified scan or to lack of vigilance. This characterization does not reflect the work involved,
does not reveal the extensive cognitive activity required, and does not identify promising areas for
training.
Our characterization, or qualitative model, relies on cognitive and operational perspectives. We
characterize monitoring as the process of building and updating an understanding of the current
situation (the Situation Model), supported by appropriate task management that coordinates mon-
itoring with other activities. The Situation Model draws on and may be initiated by information in
a mental model, a structured mental representation in long term memory, typically a causal model
of how some system works.
The Situation Model is at the center of a cycle of activities that draw on and update the Situation
Model. Three broad activities organize the monitoring cycle, here described from the perspective
of the Pilot Monitoring. 1) Identify what you need to know next based on the Situation Model,
from recognizing a gap, a need for an updated value, an inconsistency, or a puzzle in the Situation
Model. This can include recognition that the current situation is understood and attention should
be turned to non-monitoring tasks. 2) Find the value of the needed information. This includes
understanding how to access the information and how to interpret the values found. It includes
updating the Situation Model and comparing actual and expected values. 3) Assess status and
need for action. The comparison of actual and expected values feeds into status assessment, and
whether/what action is needed. If a control action is needed urgently, take control and execute
the action; alternatively, a needed upcoming action may become the target of monitoring on your
next cycle.
Training.
This model of monitoring identifies a number of required skills, many of which are amenable to
training. We reviewed training literature focused on situation assessment and awareness across a
variety of dynamic and safety critical domains. Our training recommendations identify trainable
skills for executing the cycle of updating and using the Situation Model and propose a structure
for introducing relevant concepts and providing application and practice.
